The role of the lymphatic system in brain function and/or dysfunction has long been an enigma. However, recent reports that meningeal lymphatic vessels exist within the mouse and human brain, as well as evidence that mouse meningeal lymphatic vessels play a role in clearing the toxic amyloid-beta peptide connected with Alzheimer's disease (AD), may herald novel diagnostic and therapeutic avenues. Here, we explore new evidence connecting the lymphatic system of the brain with AD. In particular, we focus on new findings showing that meningeal lymphatic vessels play a role in drainage of cerebrospinal fluid and egress of immune cells from the brain, and that disrupting this vessel system leads to accumulation of amyloid -beta peptide and cognitive dysfunction. We also discuss the hypothesis that apolipoprotein E isoform e4 (APO E4) ─ the leading genetic risk for developing AD ─ is involved in meningeal lymphatic vessel function. By reanalyzing previously published RNA-Seq data, we show that APO E4 knock-in microglia cells express lower levels of genes representing lymphatic markers (a phenomenon we call "attenuated lymphaticness") and of genes in which functional missense mutations are linked to lymphedema. Accordingly, we propose the hypothesis that APO E4 is involved in the shrinkage of lymphatic vessels. This notion could lead, if verified by additional anatomic and mechanistic data, to the concept that APO E4-related AD (such as in late onset AD or trisomy 21-related AD) is related to lymphosclerosis coupled with lymphedema.
─ a notion suggesting inter alia that besides metaresearch on reproducibility of current findings, the "mining" of "hidden pearls" can be meaningfully crucial to advance biomedical research. Absinta et al. coupled MRI techniques with post-mortem pathology analysis to show that meningeal lymphatic vessels exist alongside blood vessels in humans and non-human primates (Absinta et al., 2017) . More recently, Da Mesquita and colleagues demonstrated a functional role for meningeal lymphatic vessels in mice, that they drain macromolecules from the cerebrospinal (CSF) and interstitial fluids of the CNS into cervical lymph nodes. (Da Mesquita et al., 2018b) (Da Mesquita et al., 2018a) . In particular, ablation of the vessels using a photodynamic drug, Visudyne (verteporfin), resulted in an increase in paravascular CSF molecules, efflux of interstitial fluid (ISF) macromolecules, and impairments in cognitive performance, indicating a functional role in the clearance of macromolecules from the mouse brain. These findings are in accordance with previous studies showing that the CSF' outflow is conducted primarily through the lymphatic vessels, a process compromised during aging ((Ma et al., 2017) ).
These findings suggest that dysfunctional clearance of macromolecules from the brain by the meningeal lymphatic vessels ─ and the recently deciphered molecular anatomical connections between meninges and skull (Cai et al., 2019) ─ will add to the complexity of meningeal architecture and its role in the decline of cognitive function associated with age and neurodegenerative diseases such as Alzheimer's disease (AD) (De Mesquita, Louveau, et al., 2018) .
Risk factors for AD
Although the majority of AD cases (98%) are sporadic (Louveau et al., 2016) , with several genetic risk factors identified, environmental factors including chronic stress may also play a role in AD pathogenesis (Table 1) (for example, reviewed in (Bellou et al., 2017; Louveau et al., 2015) . In this context, we have shown that stress could contribute to AD through chronic cortisol actions in brain cell metabolism and increases in inflammatory cytokines, mainly catecholamine-induced interleukin-6, as well as TNF-alpha, interleukin 1, and other cytokines secreted by the accumulated visceral fat (reviewed in (Gassen et al., 2017; Nicolaides et al., 2015) ). Stress also appears to act through increased levels of corticotropin-releasing hormone (CRH), which leads to phosphorylation of tau and its accumulation in a globular form in dendritic and axonal neuronal processes (Le et al., 2016b) . Sources: a. (Bellou et al., 2017) ; b. (Psaltopoulou et al., 2013) ; c. (Verheijen and Sleegers, 2018) ; d. (Lanoiselee et al., 2017) ; e. (Mentis, 2016) ; f. (Gjoneska et al., 2015) ; g. (Gassen et al., 2017) ; h. (Winchester et al., 2018) ; i. (Kunkle et al., 2019) ; j. (Jansen et al., 2019) Interesting connections between chronic stress and the lymphatic system have been observed. For instance, in mouse cancer models, mice subjected to chronic stress by confinement in small spaces showed changes in the structure of their lymph vasculature and increases in occurrence of metastases through the dissemination of tumors through the lymphatic system (Le et al., 2016a) . Patients taking beta-blockers, which act by reducing adrenergic effects, had significantly fewer lymph node and distant metastases (Le et al., 2016a) , most likely because of reduction in adrenaline-mediated signaling events. These findings may harbor potentially broader implications, considering the well-established, far-reaching ties of adrenergic stress with neuro-inflammation (Chrousos, 1995) .
The role of Apo E4 in AD
The human apolipoprotein E is encoded by three isoforms: APO E2, APO E3, and APO E4. Carrying the Apo E4 allele is the chief genetic risk factor for developing AD. While the isoform is present in approximately 13-15% of the population, it is carried by more than 50% of individuals with late-onset AD (Xian et al., 2018) . An individual possessing a single allele has a threefold increased risk of developing AD late in life, while carrying two alleles has been associated with a higher than 10-fold risk (Gandy and Dekosky, 2012) . Diploidy for Apo E4 is believed to contribute to: (i). the aggregation of the toxic neuropeptide amyloid-beta, which can aggregate extracellularly to form insoluble aggregates of amyloid plaques that are a central feature of the Alzheimer's disease brain; and (ii). defects in clearance of amyloid-beta from the brain (Louveau et al., 2016) . This association is bolstered by the brain pathologies evident in Down syndrome patients who have extra-copies of chromosome 21 on which the amyloid precursor protein (APP) is located; trisomy results in overexpression of APP (Mentis, 2016) . Over two thirds of older adults with trisomy 21 die from dementia, and among them, the risk of premature death is increased by almost seven-fold in APO E4 isoform carriers (Hithersay et al., 2018) .
AD has been associated with two proteinopathies: amyloid-beta-related pathology and tauopathies. It is now well established that Apo E4 increases levels of amyloid-beta in the brain. Recently, Shi et al (Shi et al., 2017) showed that in a mouse model of tauopathy, ApoE e4 also increased the extent of tau-mediated neurodegeneration with increases in brain atrophy and neuroinflammation that appeared to be independent of amyloid-beta pathology. Interestingly, the APO E4 isoform's principal mechanisms of action seem not to be a function of defects in lipid metabolism pathways, which is the primary activity of APOE in peripheral systems, but rather of effects on a combination of systems implicated in AD. Shi and Holtzman reported that Apo E4 influences immunomodulatory functions of innate immunity, possibly acting through the TREM2 receptor which is expressed on myeloid 2 cells in the CNS microglia (Shi and Holtzman, 2018) .
Patients with sporadic AD exhibit impairments in amyloid-beta clearance without changes in the de novo production of amyloid-beta (Louveau et al., 2016) . Indeed, Apo E4 has been shown to directly disrupt clearance of amyloid-beta across the Blood-Brain Barrier (BBB) of mice, providing an explanation for the accumulation of amyloid-beta associated with the APO E4 genotype (Deane et al., 2008) , and suggesting that impairment in the neurovascular function of the BBB may play a role in AD etiology. Liu et al (Liu et al., 2017 ) developed a cell-type specific, inducible mouse model to control the expression of astrocytic Apo E4 to determine the stage at which it exerts the strongest effect on amyloid pathology. Their data suggests that Apo E4 acts at the seeding stage of amyloid plaque formation, probably by impeding amyloid beta clearance and promoting its aggregation (Liu et al., 2017) .
APO E4 in AD-associated neurovascular function
The neurovascular component of AD causality, and more broadly, cognitive dysfunction, has become a field of intense study, inspiring recent calls for further investigation and incorporation of vascular markers into AD research . Since amyloidbeta accumulation is associated with cognitive dysfunction, a major point of connection is the neurovascular system's role in clearing amyloid-beta from the brain. Nation et al. recently suggested that the disturbance of BBB can, independent of amyloid-beta and tau pathologies, serve as an early biomarker of human cognitive dysfunction, as detected by hippocampal brain capillary damage and BBB breakdown present in individuals with early cognitive dysfunction.
APO E4 is linked to breakdown of the BBB. Bell et al. (Bell et al., 2012) showed that in mice, expression of APO E4, but not APO E2 or APO E3 or deficiency of murine apoe4, leads to the breakdown of the BBB as mediated by the vascular pericyte-localized proinflammatory CypA-nuclear factor-kB-matrix-metalloproteinase-9. BBB breakdown leads to neuronal uptake of neurotoxic proteins in the blood and a decrease in the blood flow of the microvasculature and cerebellum. These events occur prior to neuronal dysfunction and may be responsible for the observed neurodegenerative changes (Bell et al., 2012) .
Cardiovascular risk factors also increase the risk of dementia. Robert et al (Robert et al., 2017) used bioengineered human cerebral vessels to show that in that system, Apo E and circulating HDL mediate amyloid-beta transport and Apo E4 was less effective than Apo E2 in facilitating this transport.
APO E4 and the lymphatic system
Interestingly, brain tissue samples from AD patients show a number of microvascular alterations compared to normal brains, with Bolayannis and Baloyannis reporting "fusiform dilations, tortuosities, and abnormal branching" with an overall decrease in the density of capillaries (Baloyannis and Baloyannis, 2012) . This study also noted mitochondrial abnormalities in capillary endothelial cells and degeneration of pericytes (Baloyannis and Baloyannis, 2012) . The extent to which the lymphatic system of AD patients show these types of abnormalities and Apo E4 affects brain lymphatic vessels is worth investigating.
Understanding the branching morphology of these vessels to detect any pathological remodeling of lymphatic vessels in Apo E4-mediated AD could reveal an intriguing new pathologic mechanism.
To this end, Lim et al. (Lim et al., 2009) reported that apoE-deficient (apoE-/-) mice exhibit a number of lymphatic phenotypes, including tissue swelling, leaky lymphatic vessels, a significant dilation of capillary lymphatic vessels, and a reduction in the transport of lymphatic fluid and dendritic cells from peripheral tissue. Moreover, the collecting lymphatic vessels reduce their recruitment of smooth muscle cells and show altered distribution of the lymphatic endothelial hyaluronic acid receptor-1 (LYVE-1) (Lim et al., 2009) .
It is true, though, that the peripheral and meningeal lymphatic vessels differ in that meningeal lymphatic vessels are less complex with less lymphatic branching and fewer valves to prevent back-flow of lymph fluid (Aspelund et al., 2015) . Also, interestingly, the metabolic pathways mediating cholesterol homeostasis in the brain also differ from those of peripheral tissues. The BBB prevents peripheral cholesterol from entering the brain and cholesterol is largely synthesized by astrocytes and oligodendrocytes in the brain (Broce et al., 2018) . However, as discussed above, APO E4 exerts its function on the brain through non-lipid metabolism pathways, notably immunomodulation, whose role in Alzheimer mouse models is increasingly being recognized (Gjoneska et al., 2015) .
In parallel, endothelial and lymphatic vessels appear to share a close ontogenetic relationship. They share common embryonic cellular origins and lymphatic vessels reprogrammed to become blood vessels affect blood flow-related events such as shear stress (Chen et al., 2012) . Given the close ontogenetic similarities between capillaries and lymphatics and APO E4's established role in peripheral lymphatic vessels ((Lim et al., 2009) and (Baloyannis and Baloyannis, 2012) ), it would be intriguing to know if: (i). meningeal lymphatic vessels play a role in amyloid clearance; and (ii). the extent to which amyloid clearance is compromised by the APO E4 isoform, analogous to its effect on the BBB and glymphatic disruption (Achariyar et al., 2016) ) -a topic far from being elucidated, notwithstanding the importance of APO E4 in AD.
Da Mesquita et al. recently published two groundbreaking studies showing that ablation of the meningeal lymph vessels in the 5xFAD mouse model of AD results in a striking deposition of amyloid-beta in the meninges, macrophage recruitment to large amyloid-beta aggregates, and an increase in the amyloid-beta plaque load in the hippocampus (Figure 1 ) (Da Mesquita et al., 2018a; Da Mesquita et al., 2018b) . Moreover, staining for beta-amyloid in the brains of patients with AD and controls without AD revealed a vascular beta-amyloid pathology in the cortical leptomeninges and beta-amyloid depositions in the dura mater adjacent to the superior sagittal sinus (Da Mesquita et al., 2018a; Da Mesquita et al., 2018b) . Together, these findings highlight the importance of meningeal drainage through lymphatic vessels for normal brain physiology and cognitive function. In addition, the worsening of amyloid-beta pathology upon disruption of the meningeal lymphatic system in AD mouse models suggests that dysfunction of the meningeal lymphatic vessels may play an exacerbating role in AD pathology. The AD transgenic mouse models (J20 and 5xFAD) used in the Da Mesquita et al study (Da Mesquita et al., 2018b) showed no differences from controls in their meningeal lymphatics.
However, these mouse models are probably not relevant to APO E4-induced AD, given that they either driven by overexpression of human APP (J20 model) or mutant APP and PSEN expressed in high level (5xFAD model). Hence, they may be more relevant to early-onset AD, while APO E4 more relevant to late-onset AD, and as such, these models may not capture the effects of this major AD risk factor on meningeal lymphatics vessels.
APO E4, Aquaporin 4, and the meningeal lymphatic and glymphatic systems
In addition to the meningeal lymphatic system, the brain contains the glymphatic system, another system of drainage channels that is involved in the exchange of CSF with ISF and helps clear interstitial waste from the brain parenchyma (the glymphatic system) (Iliff et al., 2012) . This pathway also was shown to exist in humans (Eide and Ringstad, 2015) . When meningeal lymphatic drainage was prevented in mice by the ligation of deep cervical lymphatic nodes (LdcLNs), the disruption of aquaporin 4 (AQP4) water channel, which regulates the glymphatic clearance, resulted in the accumulation of amyloid beta in the hippocampus (Cao et al., 2018) . The mice with deficits in both glymphatic and meningeal lymphatic clearance exhibited microglial reactivity and activation of the inflammasome, as well as hippocampal neural apoptosis and reduction of cognitive function (Cao et al., 2018) . Moreover, tau levels were increased in the LdcLNs mice but not the AQP4-null mice (Cao et al., 2018) . Interestingly, Achariyar et al. (Achariyar et al., 2016) showed that the glymphatic system contributes to the transport of lentiviral-delivered Apo E3 to neurons. The authors suggest that, in addition to its role as a clearance system for the brain, the glymphatic systems helps distribute essential molecules through the brain (Achariyar et al., 2016) .
Expression of lymphatic-vessel genes in APOE4-expressing cell types of the brain
The cell-specific effects of APO E4 in AD pathology are poorly understood. To determine which human brain cell types are affected by expression of the APO E4 variant, Lin et al examined the effects of CRISPR-mediated APO E4 isogenic homozygous knock-in into human IPSC cells derived from a subject without AD. Using a differentiation system for IPSCs, they were able to generate various brain cell types and compare gene expression resulting from the APO E4 knock-in to that of an analogous APO E3 knock-in. They found that the expression of hundreds of genes was altered in IPSC-derived neurons, astrocytes, and microglia, many of which were also aberrantly expressed in post-mortem samples of AD patients (Lin et al., 2018) . The observed cellular defects caused by APO E4 expression included: (i). increased synapse number and elevated Aβ 42 secretion in neurons; (ii). defects in amyloid-beta uptake and cholesterol accumulation in astrocytes; as well as (iii). aberrant morphology correlating with reduced amyloid-beta phagocytosis in microglia (Lin et al., 2018) .
The dataset affords an opportunity to test the hypothesis that meningeal lymphatic vessels are also affected by APO E4 at the level of gene expression. Therefore, and in light of recent calls to make re-use of open public genomic data (Amann et al., 2019) , we re-analyzed the celltype specific RNA-seq data from the Lin et al. study that had been deposited in GEO to identify genes that were differentially expressed in the APO E4 ("pathological" status) knockin vs. APO E3 (control) knock in cells in the starting iPSC, and IPSC-derived neurons, astrocytes, and microglia. We also monitored expression of markers of lymphatic-vesselrelated genes, as listed in Table 2 .
Table 2. Gene markers of human lymphatic vessels

Meningeal lymphatics Initiation of valve formation
Prox1 GATA-2 CD31 (PECAM1) FOXC2 LYVE-1 Ephrin type B2 Podoplanin (PDPN) VEGFR3 CCL21 CD68 negativity CD45 SOS
Valve Maturation Lymphedema
Integrin alpha-9 VEGF-C# Fibronectin 1 (FN 1) VEFGR-3* Connexin 43 (GJA1) FOXC2 GATA2* CCBE1* GJC2* * Mutant gene forms, with functional, missense mutations linked to lymphedema; # VEGFC exposure increases the diameter of meningeal lymphatic vessels, which completely fail to develop upon VEGFC and VEGFD inhibition; Marker of initiation of valve formation, and mutant gene forms linked to lymphedema-distichiasis syndrome. Source: Gene markers based on previous reports from: (Louveau et al., 2016) ; (Louveau et al., 2015) and (2019) Our analysis did not reveal statistically significant differences in the expression of lymphatic vessel genes in iPSC, neurons, and astrocytes (data not shown), based on searches on all the above gene markers. Strikingly, though, the microglial cells showed statistically significant differences between the APO E3 and APO E4 knock-in cells in the expression of several genes specifically related to lymphatics ( Fig. 1 and 2) . In the APO E3 knock-in cells, we detected increased levels of expression of PDPN, CCBE1, GJA1, FN1, VEGFC, FOXC2, and GJC2, compared to the APO E4 knock-in cells; AQP4 levels were also increased. In the APO E4 knock-in cells types, we detected significant increases in the levels of PECAM1 (CD31) and CD68 (for which absence of "staining" (so-called, CD68 negativity) is linked to lymphatic vessels), compared to APO E3 knock-in cells. Thus, with the exception of CD31, the higher PDPN and lower CD68 levels in APO E3 lines could imply the presence of more pronounced lymphatic markers in APO E3 (see: Figures 1 and 2) .
The microglia cells are ontogenetically related to blood-producing bone marrow cells, and a recent lineage tracing study has shown that their embryonic form (hemogenic endothelial cells) are precursors to lymphatic vessels (Klotz et al., 2015) . Therefore, a logical extension of the results is that the APOE e3-expressing cell types express more characteristics of lymphatic cells than their APOE e4-expressing counterparts ─ a characteristic of APO E4 which we propose to call "attenuated lymphaticness". In addition, the lower levels of AQP4 expression in the APO E4 cells could perhaps indicate a disruption in the glymphatic system. Moreover, the results also suggest that APO E4 expression may cause cells to lose their lymphatic characteristics, although in vitro studies such as these are limited in their ability to predict true anatomical effects. Furthermore, in APO E4, we observed reduced expression of genes-markers in which functional missense mutations are linked to lymphedema, such as VEGFC (Gordon et al., 2013) , CCBE1 (Alders et al., 2009) , FOXC2 (van Steensel et al., 2009) , and GJC2 (Ferrell et al., 2010) .
In so doing, these notions suggest that AD, not least in its APOE e4 status, may be linked to shrinkage of meningeal lymphatic vessels and as corollary, reduced lymphatic flow. In other words, if lymphatic vessels undergo shrinkage ("lymphosclerosis"), then the interstitial and CSF fluid will become obstructed in terms of its flow, causing its stagnation ("lymphedema"); however, detailed anatomical studies are essential before deriving any conclusion.
Of note, this "informed hypothesis" may not be entirely surprising, considering that (i). Apo E4 may exercise its effects in a vascular endothelia growth factor (VEGF)-dependent pathway and VEGF upregulation can reverse APO E4 pathology (Salomon-Zimri et al., 2016); and (ii) . VEGF-C administration can restore meningeal lymphatic vessels pathology in aged mice (Da Mesquita et al., 2018b) . Nevertheless, APO E4 is the principal genetic factor for AD, so its undiluted mechanistic elucidation remains pivotal, similarly to studies of chief risk factors in other diseases (e.g., mechanistic investigations on FTO region, which has the strongest genetic links to obesity in (Claussnitzer et al., 2015) ). In addition, a question could be raised: why APO E4 is not implicated in, or already linked to peripheral edema? Based on the Human Protein Atlas (Thul et al., 2017) , the Apoliprotein E seems to be predominantly expressed at high levels in tissues of cerebral cortex, hippocampus, caudate, and adrenal gland; all of these tissues (considering, of course, only adrenal medulla and not cortex) share common embryological origins (neural tube, and neural crest). Therefore, its chief downstream effects will most likely be in those tissues.
As reviewed by Louveau et al. (Louveau et al., 2016) , it has remained unclear how meningeal lymphatic vessels respond to and control the high levels of amyloid-beta contained in the brain fluids of AD patients. Possibilities include drainage into the CSF, paravascular clearance, clearance through the glymphatic pathway, or other mechanisms (Louveau et al., 2016) . Given that disruption of meningeal lymphatic vessels in AD mouse model leads to amyloid-beta deposits in the meninges, these questions take on new urgency (Da Mesquita et al., 2018b) . We suggest that future studies should seek to clarify the extent to which and mechanisms whereby APO E4 influences amyloid-beta deposition in the meninges. This issue may be clarified by electron microscopy or cryo-electron microscopy of APO E4 expressing cells to elucidate abnormalities in the morphology of vasculature and lymphatic system, notably the diameter of lymphatic vessels and their branching morphology. The 7-Tesla MRI imaging approach of Absinta et al. (Absinta et al., 2017) , who first described the meningeal lymphatic vessels in humans, could enable measurements of their diameters in examinations of AD patients who were carriers or non-carriers of the APOE e4 variant (Absinta et al., 2017) .
Conclusions
Clearly, the field of meningeal lymphatics is ripe for investigation. The recent studies discussed herein have raised fascinating questions about the connection between APO E4, the meningeal lymphatic vessels, and AD. Deciphering the role of APO 4, which so far is the strongest genetic link to AD, in the brain's lymphatic system could reveal a missing link in our understanding of the etiology and pathology of AD. Hence, we hope this perspective coupled with previous studies' findings may help in formulating the concept of APO E4related AD (such as in late onset AD or trisomy 21-mediated AD) lymphosclerosis coupled with lymphedema. In addition, our approach highlights the power of open data and re-analysis to offer new perspectives, in alignment with recent calls ((Amann et al., 2019) ).
Appendix: Differential Expression (re)analysis
Processed gene-count matrices for each of the cell lineages were obtained from the GEO repository (accession number GSE102956) based on (Lin et al., 2018) . Counts were merged into a single expression matrix and genes with average log 2 counts per million (CPM) across all samples that fell below -0.75 were removed from the analysis to avoid inflated dispersion affecting genes with low expression. This filter removed 5342 genes leaving 15382 genes for analysis. Normalization factors were calculated using the "Trimmed mean of M values (TMM)" method (Robinson and Oshlack, 2010) in edgeR package .
These normalization factors were used to calculate effective library sizes, which in turn, were employed to calculate normalized CPM values for genes of interest and visualized as boxplots and a heatmap. We used the voom method (Law et al., 2014) to transform counts and derive gene-level weights. The transformed data was used to model gene expression jointly across all cell types and experimental conditions using a linear model framework in limma (Ritchie et al., 2015) . Raw p values were adjusted for multiple testing by applying the Benjamini-Hochberg method (Benjamini and Hochberg, 1995) on the 20 genes of interest.
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11. Funding: This work was supported by the Alexander S. Onassis Public Benefit Foundation through an educational scholarship to AFAM. The sponsor played no role in study design; in the collection, analysis and interpretation of data; in the writing of the report; and in the decision to submit the article for publication. Figure 1 . Box and whisker plot showing lymphatic marker expression levels in iPSC-derived neural lineages from APO E4 and APO E3 (control) knock-in cells. Normalized gene expression of lymphatic markers and related genes in cells expressing knock-in of either APO E3 (blue) or APO E4 (yellow). Differentially expressed genes are marked with an asterisk to indicate statistical significance: * for false discovery rate (FDR) <= 0.05; ** for FDR <= 0.01; and *** for FDR <= 0.001. The error bars represent the standard deviation (SD).
Figure 2.
Heat map showing lymphatic marker expression levels in iPSC-derived neural lineages from APO E4 and APO E3 (control) knock-in cells. Samples (x-axis) and genes (yaxis, right) within the heatmap are arranged through hierarchical clustering based on normalized expression values. The heatmap colour is scaled at the gene level to fully visualize the range of expression of each gene. . Illustration of brain and meninges anatomy in a non-AD brain, showing meningeal lymphatic vessels, brain cell types, and outflow of CSF (top left and magnified in bottom left). The labeling "APO E4" with an arrow pointing to the dysfunctional lymphatic vessel (bottom right) illustrates the hypothesis that APO E4 is associated with the reduction in size of lymphatic vessels and the consequent blockade of clearance of macromolecules such as amyloid-beta. (adapted and modified from Ref. (Gotz et al., 2018 , and ref. (Louveau et al., 2015 , © 2015, both with permission from Springer Nature)
